. E-cadherin and APC compete for the interaction with β β-catenin and the cytoskeleton.
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For developmental geneticists, a mutation that accelerates development or causes the ectopic formation of normal structures is a real prize. Famous examples include the yeast wee1 mutant, in which cells enter mitosis prematurely, and mutations that disrupt the Delta/Notch pathway in both invertebrates and vertebrates, leading to the over-production of neurons. Each phenotype revealed a key regulatory step in the respective developmental mechanism. In the zebrafish, four mutants have been identified that develop supernumerary neuromasts, the individual sense organs that make up the lateral line system. These mutants also lack glial cells along the lateral line nerve, revealing a new role for glia in the inhibition of lateral line sensory precursors.
The lateral line in fish mediates behaviours such as shoaling, prey detection and obstacle avoidance, and arises from ectodermal thickenings on the head called placodes. The posterior lateral line placode gives rise both to the posterior lateral line ganglion and to a migrating primordium, which moves away from its cranial origin towards the tail; the regular and predictable progress of this primordium along the horizontal myoseptum is used as a staging tool. In zebrafish, there are successive waves of migration of different primordia. The first primordium deposits a simple and highly conserved pattern of primary neuromasts; a second primordium follows, and further elaboration of the system continues after embryogenesis [1] [2] [3] [4] [5] . Neurons in the posterior lateral line ganglion send out growth cones that follow the primordium as it migrates [6, 7] ; lateral line glia, which are derived from the neural crest, are guided by the axons, and follow close behind [8] .
The origin of secondary neuromasts, which arise in between the primaries, is less clear. The smaller and slower second primordium cannot account for all of the secondary neuromasts, as it deposits only four or five neuromasts at twosomite intervals, and appears to migrate only part way down the trunk [1] . Similarly, budding or fragmentation of existing neuromasts, which may occur at later stages, does not appear to be a principal mechanism for the generation of secondary neuromasts [3] .
Two studies [9, 10] have now identified a new source of secondary neuromasts in the zebrafish embryo: interneuromast cells. These lie in a thin trail between the primary neuromasts, and express the same markers that identify both the primordium and nascent neuromasts -eya1 [9] and cldnb [10, 11] . Experiments in which a caged fluorochrome was photoactivated in either the first [9, 11] or the second primordium [1] showed that both primordia give rise to interneuromast cells. Although it has been suggested that these cells may be placodally derived glia [1, 11] , by performing the uncaging experiment in a transgenic line expressing GFP under the control of the foxd3 promoter, which drives expression in glial cells, Grant et al. proliferation and differentiation. To test this, the authors examined the behaviour of interneuromast cells in the absence of the nerve. In a lovely demonstration of the versatility of the zebrafish model, they carried out both molecular ablation, using a morpholino to knock down Ngn1 function [12] and physical ablation, by aspiration of GFP-labelled neurons, to remove neurons of the posterior lateral line ganglion. These manipulations also result in a lack of glia, as glia are guided by the migrating axons. Provided that the aspiration was done early, both experiments yielded the same dramatic result: in the absence of the nerve, deposition of primary neuromasts is normal, but secondary neuromasts derived from interneuromast cells form precociously and in excess, confirming that the nerve indeed appears to provide an inhibitory signal [9] .
A recessive mutant with supernumerary neuromasts, hypersensitive (hps), was identified in the 1996 Tübingen screen [13, 14] . Three further mutants with a similar lateral line phenotype have now been described: colourless/sox10 (cls), rowgain (rog) and one carrying an insertional mutation in ngn1 itself. All display extra secondary neuromasts, which result from precocious proliferation of interneuromast cells, rather than an increase in size or proliferation of the migrating primordium [9, 10] . Axons of the posterior lateral line nerve, however, are still present in hps, cls and rog, so what is the link with the Ngn1 mutant and knockdown?
The common feature turns out to be a lack of neural crestderived glia: all three mutants show a gross deficit in this cell type along the lateral line nerve [8] [9] [10] (Figure 1 ). This suggested that the glia, rather than the axons, of the lateral line nerve are responsible for the inhibitory influence on interneuromast cells.
To test this idea, Grant et al. [9] attempted to phenocopy the defect by ablating glial cells, either by morpholino knockdown of foxd3, which disrupts the development of glia, or by physical extirpation of GFPexpressing glial precursors.
Although these experiments were complicated by the variable efficacy of morpholino knockdown, and glial regeneration, respectively, those embryos that showed a deficit in glia also displayed supernumerary neuromasts. Finally, transplantation of wild-type GFPexpressing glial precursors, but not placodal cells, into cls or hps mutant embryos rescued neuromast formation to a wildtype pattern [9] .
Another study has investigated the relationship between the origin of neuromasts in the zebrafish embryo and their planar cell polarity [11] . Like all sensory hair cells, each neuromast hair cell has a distinct polarity within the plane of the epithelium. Within each neuromast, hair cells are aligned at 180° to each other, giving the neuromast a single axis of maximum sensitivity. Like other teleosts, the zebrafish has superficial neuromasts on the trunk that are oriented either rostrocaudally (parallel) or dorsoventrally (perpendicular) to the main body axis [2] 
(J. F. Webb, personal communication).
López-Schier et al. [11] found that the occurrence of neuromasts with different orientations is established early in embryogenesis. Moreover, by using the uncaging technique described above, they showed that each orientation is precisely correlated with the wave of primordium migration: the first primordium generates neuromasts whose axis is aligned parallel to the anteroposterior body axis, while the second primordiumdefective in strauss mutantsgenerates neuromasts of the dorsoventral (perpendicular) variety (Figure 1 López-Schier et al. [11] propose that it is this early ventral migration that sets the axis of neuromast polarity. To test this, they examined neuromast polarity in fss/tbx24 and smu/smo mutants, in which primordium migration is known to go astray [6] . In both mutants, polarity of the neuromasts shows a stronger alignment with the direction of primordium migration than with the anteroposterior body axis. For smu/smo mutants, however, the relationship is not perfect: 35% of mutant embryos form neuromasts that are oriented either perpendicularly or obliquely with respect to the axonal tracks [11] .
These studies lead to a host of further questions and a number of testable predictions. If, as suggested by López-Schier et al. [11] , direction of migration prior to differentiation sets hair cell orientation, secondary neuromasts derived from the interneuromast cells from the first primordium should be aligned perpendicular to the anteroposterior axis, as these cells undergo a ventral migration prior to their differentiation. But if primordium origin is an overriding determinant of secondary neuromast polarity, then secondary neuromasts derived from the first primordium would be expected to have a parallel orientation.
Examination of the polarity of the supernumerary neuromasts of hps, cls and rog mutants will be critical, as these arise from the first primordium, but their proliferation and differentiation is initiated early with respect to the timing of ventral migration [9] . It will also be informative to examine neuromast polarity in the primary line of the Japanese medaka (Oryzias latipes), as neuromast differentiation occurs much later in this species, after the ventral migration is complete [1] .
Intriguingly, neuromast hair cells tend to arise in pairs, with each hair cell in the pair displaying an opposite polarity [11, 15] . If each pair is the result of a single mitosis, it would suggest that the direction of migration sets the alignment of the mitotic spindle prior to cell division. It will also be interesting to test whether the direction of the path of migration is sufficient to establish neuromast polarity, or if it is also dependent on any of the genes found to be required for the correct orientation of hair cells in the mammalian ear [ It is likely that some lateral line cells remain in an undifferentiated, stem cell-like state into later stages, and account for the subsequent additions to the lateral line system [3] . It will be interesting to examine the role of glia in the post-embryonic development of the lateral line, and viable mutants, such as hps, will be invaluable tools for this work. Lastly, these studies are of interest from an evolutionary perspective. The pattern of primary neuromasts is highly similar among five different teleost species studied, even where the adult patterns are very diverse [4, 20] . Screening for further zebrafish mutants with defects in secondary neuromast patterning may therefore uncover those genes that account for species differences in lateral line morphology. 
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